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Abstract. We investigate the possible role of line-driven winds in the circumstellar
envelope in B[e] stars, mainly the role of the Ω-slow wind solution, which is charac-
terized by a slower terminal velocity and higher mass-loss rate, in comparison with the
standard (m-CAK) wind solution. In this work, we assume two scenarios: 1) a spheri-
cally symmetric star and 2) a scenario that considers the oblate shape, considering only
the oblate correction factor. For certain values of the line force parameters (according to
previous works), we obtain in both scenarios a density contrast & 102 between equato-
rial and polar densities, characterized for a fast polar wind and a slow and denser wind
when the Ω-slow wind solution is obtained. All this properties are enhanced when the
oblate correction factor is included in our calculations.
1. Introduction
The so-called B[e] phenomenon (Lamers et al. 1998) is typically defined by the pres-
ence of an intense Balmer emission B-type spectrum that, in the optical region, simul-
taneously displays emission lines of low-excited permitted and forbidden transitions of
low-ionized elements (i.e., Fe ii, [Fe ii] and [O i]). In addition, it exhibits a very strong
near/mid-infrared excess.
The B[e] phenomenon is related to the physical conditions of the gaseous and
dusty shells, rings, or disks surrounding a hot star rather than with the properties of the
star itself. Hence, the characteristics of the B[e] phenomenon are found in a great vari-
ety of objects, ranging from intermediate to high-mass stars in pre- and post-main se-
quence evolution. One group of these objects are the massive evolved B[e] supergiants
(B[e] SGs). The origin of circumstellar envelopes of B[e] SGs is usually attributed to
the mass lost from the star via dense stellar winds or sudden mass ejections expected to
occur during short-lived phases in the post-main sequence evolution of the stars. The
structure of the circumstellar envelope was described by Zickgraf et al. (1985) who
proposed an empirical model, which consists in a hot and fast line-driven wind in the
polar region, and a slow, much cooler and denser (by a factor of 102 − 103) wind in
the equatorial region. Such a wind structure could be obtained via the rotation induced
bistability mechanism (Lamers & Pauldrach 1991; Pelupessy et al. 2000), or via the
bistability combined with the Ω-slow wind solution (Curé 2004) at high rotation rates
(Curé et al. 2005).
In Curé et al. (2005) only one model was calculated based in the work of Pelupessy
et al. (2000). In this current work we will analyze a grid of line force parameters plus
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the addition of the oblateness shape of the star and the oblate correction factor and solve
the highly non-linear m-CAK equation of motion.
2. Hydrodynamic Wind Equations
The hydrodynamic wind equations belonging to the m-CAK theory (Castor et al. 1975;
Abbott 1982; Friend & Abbott 1986; Pauldrach et al. 1986) define a stationary 1-D
spherical outflow considering in the Equation of Motion (EoM) the radiation coming
from a stellar disk, through the finite disk correction factor ( fS FD), and the line-force
parameters given by α, δ and k. These equations are numerically solved for high values
of Ω (vrot/vcrit) by the code Hydwind already described in Curé (2004). From the high
rotational velocities we expect to obtain Ω-slow solutions instead of the fast (standard
m-CAK model) solutions.
When the star become oblate due to the rapid rotation, the fS FD should be replaced
by the oblate finite disk correction factor ( fOFD) which is described by Pelupessy et al.
(2000). The method described by Araya et al. (2011) is implemented in order to solve
the m-CAK EoM accounting the oblate distortion of the star. The fOFD can be obtained
by an approximate expression via a sixth order polynomial interpolation Q(u) (which
is in terms of u = −R∗/r),
fOFD = Q(u) fS FD. (1)
This approximation allows to solve in a simpler way the oblate correction factor and
therefore the EoM. For comparison, Q(u) and the ratio fOFD/ fS FD are shown in the left
panel of the Figure 1. The right panel shows the good agreement between the oblate
correction factors calculated numerically by the exact equation and our approximation
thanks to the fit of Q(u).
-1.0 -0.8 -0.6 -0.4 -0.2 0.0
1.15
1.20
1.25
1.30
1.35
1.40
1.45
u = -R
*
/r
f O
F
D
/
f S
F
D
-1.0 -0.8 -0.6 -0.4 -0.2 0.0
0.8
1.0
1.2
1.4
1.6
1.8
2.0
2.2
u = -R*/r
f O
F
D
Figure 1. Left: Ratio fOFD/ fS FD (solid line) and the polynomial interpolation
Q(u) (dashed line) for a wind model calculated at the equator and rotating at
Ω = 0.90. Right: Oblate correction factors calculated by an exact way (solid line)
and by our approximate method (dashed line).
3. Results
The hydrodynamic equations are solved for a rotating B[e] supergiant star (Te f f =
25 000[K], M∗ = 17.5 [M⊙] and L∗ = 105 [L⊙]) considering the fS FD and fOFD for
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spherical and oblate scenarios, respectively. Note that in our calculations we do not
include gravity darkening. Accounting for the line force parameters used by Curé et al.
(2005) and Pelupessy et al. (2000) for this same stellar model, we calculate the equato-
rial and polar wind solutions for values of α = 0.45, 0.50, 0.55, 0.60, 0.65 and k = 0.06,
and also k = 0.57 for equatorial models. The value of δ is equal to 0.0 in all our cases.
A total of 50 models for each scenario (spherical and oblate) were calculated, but only
36 spherical models had a physical solution. All the models with physical solution have
fast solutions for Ω = 0.6. For the other cases, we obtained Ω-slow solutions, only in
some few cases the models calculated with Ω = 0.7 and 0.8 led fast solutions.
Figures 2 and 3 illustrate an example of the results obtained for one set of line
force parameters considering spherical symmetry and the oblate shape of the star, re-
spectively. We noted that the density contrast is highly affected by the line force param-
eters α and k. Moreover, for models with k = 0.57 at the equator and k = 0.06 at the
pole, we obtained the highest densities contrast. Note that these values of k are based
on the work of Pelupessy et al. (2000). In the case of α, higher values of this parameter
produce higher mass loss rates, then the density contrast increments its value when we
increase the difference between the α used at the equator and the pole.
Comparing both scenarios, the terminal velocities for oblate models have lower
values than the spherical models, while the mass loss rates are higher for oblate cases,
but only when we use k = 0.57. Spherical models with k = 0.06 present a higher
mass loss rate. The models considering the oblateness of the star show higher densities
contrast, in comparison to the spherical models, when the equatorial models are calcu-
lated with k = 0.57. On the contrary, the spherical models with k = 0.06 show higher
densities contrast than the oblate models.
4. Conclusions and Future Work
We obtained the hydrodynamic solutions of the equatorial and polar wind of a B[e] star
for a spherical and an oblate model with rotational velocities over Ω = 0.60. In both
models, the terminal velocity of the equatorial wind decrease as the rotational velocity
of the star increases, but the oblate models lead lower values of the equatorial termi-
nal velocity in comparison with the spherical models. The polar terminal velocities
are higher for oblate cases than the spherical models due to the large radiation from
the stellar surface. The density contrast between equatorial and polar densities depend
mostly of the line force parameters. The highest densities contrast (& 102) are obtained
when the Ω-slow solution is obtained at the equator and by models using k values equal
to 0.57 and 0.06 at the equator and the pole, respectively. In the case of the models
considering the oblate shape of the star the density contrast is enhanced when we use
this same set of parameters, k = 0.57 (equator) and k = 0.06 (pole).
The next step in our study is test if our predictions are in agreement with obser-
vations. The spectrum of B[e] supergiants are typically represented by the P Cygni
profiles of UV and Balmer lines. The development of radiative transfer code is neces-
sary to obtain the spectrum and spectral energy distribution of these massive star. Hdust
(Carciofi & Bjorkman 2006) is a non-LTE Monte-Carlo radiative transfer code that take
in account the distortion of the central star and the gravity darkening effect due to the
4 Araya, I., Arcos, C., and Curé, M.
fast rotation. The code is able to reproduce Balmer lines, spectral energy distribution,
polarization and images from a wind or gas/dust disk models, using different options by
model. One of these options – under construction – is to read an external file containing
the density and velocity profiles of the wind. Once the options is available, first we will
procedure to compare theoretical profiles of Balmer lines in the optical (i.e, Hα) and
in the NIR (Brα) and we will compare both results, spherical and oblate wind. Then,
we will take observations from some high rotators (Ω ∼ 0.70) B[e] stars presented in
Zickgraf et al. (1986) in order to reproduce the observables.
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Figure 2. Equatorial and polar hydrodynamic wind solutions for a spherical model considering four rotational velocities. Solid and
dashed lines correspond to the equatorial Ω-slow and fast solutions, respectively, while the dotted lines depict the polar wind solutions. Top
left and bottom left panels correspond to polar and equatorial densities, respectively. Top right panel shows equatorial and polar velocity
profiles. Bottom right panel represents the density contrast between equatorial and polar densities. The table contains the line force and
wind parameters for each case.
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Figure 3. Similar to Figure 2, but with hydrodynamic wind solutions for an oblate model.
